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Atypical hemolytic uremic syndrome (aHUS) is secondary to uncontrolled complement activation, and can cause severe progressive organ damage or death.[@bib1]^,^[@bib2] aHUS affects both children and adults, and is characterized by microangiopathic hemolytic anemia, thrombocytopenia, and organ dysfunction, most commonly affecting the kidney.[@bib1]^,^[@bib3] Management of aHUS may include plasma exchange/plasma infusion, inhibition of the alternative pathway of complement with eculizumab or ravulizumab, supportive care (e.g., dialysis and treatment of hypertension), and kidney transplantation in patients who progress to end-stage renal disease.

Since the introduction of eculizumab, a humanized, monoclonal antibody that blocks terminal complement activation at C5, a paradigm shift has occurred in the management of patients with aHUS, together with a corresponding change in the clinical course of the disease.[@bib4]

Patient perspectives on diseases and their associated treatments have been a major focus of the US Food and Drug Administration, with an emphasis on the need for patient-reported outcomes and generation of real-world evidence and data outside of clinical trials.[@bib5] Recent reports of real-world data have revealed that the overall efficacy and safety of eculizumab remains consistent with findings reported in prior clinical trials[@bib6], [@bib7], [@bib8]; however, there is a lack of understanding regarding the impact of aHUS on patients' daily lives, as well as a paucity of real-world, patient-reported outcome data in patients with aHUS outside of the clinical trial setting.

A global aHUS patients' research agenda using input from patients, patient advocacy groups, and caregivers was developed.[@bib9] The research agenda identified several knowledge gaps, including the impact of aHUS-related treatments on clinical, psychological, and socioeconomic patient-reported outcomes.

Previous cross-sectional analyses have illustrated the detrimental effects of aHUS on fatigue and associated functional impairment.[@bib10]^,^[@bib11] The objective of the present longitudinal study was to evaluate change in fatigue levels over time and other real-world, patient-reported outcomes to better describe the impact of this disease, such as general health and work status, among patients enrolled in the Global aHUS Registry. A plain language summary of this study is provided in [Supplementary Figure S1](#appsec1){ref-type="sec"}.

Methods {#sec1}
=======

Patient Selection {#sec1.1}
-----------------

The Global aHUS Registry is an ongoing, observational, noninterventional, multicenter, multinational study (NCT01522183) designed to retrospectively and prospectively collect information on the long-term outcomes and health status of patients with aHUS, as well as the long-term safety and effectiveness of eculizumab in this population.[@bib12] Methodology for registry enrollment has been reported previously.[@bib12] Briefly, patients with a preexisting diagnosis of aHUS were included, and those with evidence of Shiga toxin-producing *Escherichia coli* infection and those with ADAMTS13 activity ≤5%, if performed, were excluded. Written informed consent was obtained from all enrolled patients or their parents/guardians; assent was obtained when appropriate.

This analysis included all pediatric (≥5 to \<18 years) and adult (≥18 years) patients with aHUS enrolled in the Global aHUS Registry who completed the patient-reported outcomes assessments (Functional Assessment of Chronic Illness Therapy-Fatigue scale \[FACIT-Fatigue\], general health status, and work status forms) at a minimum of 2 time points. The data cutoff for this analysis was July 8, 2019. The population selected for this analysis was divided into 3 mutually exclusive groups of patients who were (i) never treated with eculizumab; (ii) on eculizumab at registry enrollment and continued therapy; and (iii) started eculizumab after registry enrollment. All comparisons were made between 2 data points for each patient (baseline and last follow-up). Baseline was defined as the date of enrollment for patients who were not treated with eculizumab and those who were on eculizumab at the time of enrollment; for the group who started eculizumab after registry enrollment, baseline was defined as the closest date before the start of eculizumab.

Patient-Reported Outcomes Assessments {#sec1.2}
-------------------------------------

Fatigue was assessed using the FACIT-Fatigue scale, a validated tool for measuring health-related quality of life.[@bib11] The FACIT-Fatigue scale for adults is a 13-item, self-completed questionnaire assessing fatigue and its impact on daily activities and function, expressing fatigue as a score ranging from 0 to 52.[@bib11] The PedsFACIT-Fatigue is an 11-item questionnaire that expresses fatigue as a score ranging from 0 to 44.[@bib13] Low FACIT-Fatigue and PedsFACIT-Fatigue scores are associated with greater functional impairment,[@bib13], [@bib14], [@bib15], [@bib16] whereas higher scores indicate better quality of life.[@bib17] The FACIT-Fatigue scale for adults has been validated extensively in the literature for reliability and clinical validity in measuring health-related quality of life.[@bib18] Although the PedsFACIT-Fatigue scale shares some aspects of the FACIT-Fatigue scale, it was developed for the pediatric population to measure fatigue in cancer and customized based on children's literacy levels and perceptions of fatigue.[@bib13]

A systematic review of minimum clinically important differences derived from patients with cancer, systemic lupus erythematosus, and rheumatoid arthritis found that minimum clinically important differences for FACIT-Fatigue score improvement varied from 2.8 to 6.8.[@bib19] Other studies have reported minimum clinically important differences of 3.0 for the FACIT-Fatigue score (patients with rheumatoid arthritis)[@bib20] and 4.7 for the PedsFACIT-Fatigue score (pediatric patients with cancer).[@bib13] Here, we defined the minimum clinically important difference indicating improvement as an increase in FACIT-Fatigue and PedsFACIT-Fatigue score of \>3 units from baseline. FACIT-Fatigue scores were calculated for subgroups based on clinical status (dialysis, transplant, recent plasma exchange/plasma infusion, and recent hospitalization).

We measured change over time in general health status (poor, fair, good, very good, excellent), work status, patient symptoms (anxiety, chest pain, confusion, diarrhea, easy bruising/abdominal bleeding, headache, irritability, nausea/vomiting, shortness of breath, swelling, weakness, jaundice, other), and resource utilization, as captured in the registry patient questionnaire. Resource utilization was calculated as the total number of events (health care provider \[HCP\] visits, emergency room visits, hospital admissions, and missed days of work due to illness) between baseline and last follow-up divided by the time of exposure during this period (i.e., number of completed forms multiplied by 0.5 years, as forms are collected every 6 months). Patients ≥65 years old were excluded from analyses of resource utilization.

Statistical Analysis {#sec1.3}
--------------------

The findings reported in this study are reported as descriptive statistics: median change over time between the first (i.e., baseline) and last data points (including the range), and proportion of patients with clinically meaningful changes in FACIT-Fatigue score and other patient-reported outcomes. Missing dates were imputed where necessary. We performed statistical comparisons for change from baseline to last visit in each of the 3 patient groups; between-group comparisons were not performed because the main interest was to assess changes in patient-reported outcomes in patients who initiated eculizumab; the other 2 groups served as reference groups and we did not prespecify any hypothesis testing for between-group comparisons. For the 2 cohorts never treated with eculizumab and on eculizumab at the time of enrollment, baseline was defined as the first score after enrollment and was compared with that at last follow-up. If the patient discontinued eculizumab, the first score after enrollment was compared with that at the last evaluation point while on eculizumab. For the group that started eculizumab after enrollment, baseline was defined as the before eculizumab score closest to start of eculizumab and was compared with the last score while on eculizumab. Predefined subgroup analyses included by dialysis (yes/no), kidney transplant (yes/no), and recent (within 6 months) prior hospitalization (yes/no).

Results {#sec2}
=======

Baseline Patient Demographics and Disease Characteristics {#sec2.1}
---------------------------------------------------------

A total of 551 patients with aHUS were included in this analysis (never treated with eculizumab: *n* = 233; on eculizumab at enrollment: *n* = 295; and started eculizumab after enrollment: *n* = 23) ([Figure 1](#fig1){ref-type="fig"}). Overall, the registry included 1811 patients as of July 8, 2019, but 471 were excluded, and of the 1340 who remained, 551 completed the FACIT-Fatigue questionnaire and patient-reported outcomes assessments at a minimum of 2 timepoints.Figure 1Total study population. FACIT-Fatigue, Functional Assessment of Chronic Illness Therapy-Fatigue; PROs, patient-reported outcomes; pts, patients; y, years old; \#, number.

Patient demographics, disease characteristics, and genetics for the overall population and by cohort are shown in [Table 1](#tbl1){ref-type="table"}. Median patient age was 28.6 years at aHUS diagnosis and 32.5 years at registry enrollment. More than half (59.7%) of the patients were female. Among patients treated with eculizumab, median time from aHUS diagnosis to eculizumab initiation was 0.06 years. The proportion of patients on acute versus chronic dialysis was 2.0% and 16.2%, respectively. At baseline, the proportion of patients with renal, cardiovascular, gastrointestinal, neurologic, and pulmonary signs and symptoms was similar between patients already on eculizumab at the time of registry enrollment and those who started eculizumab after enrollment, and was relatively higher in these groups than in those never treated with eculizumab.Table 1Baseline demographics and disease characteristicsCharacteristicAll (*N* = 551)Never on eculizumab (*n* = 233)Eculizumab on enrollment (*n* = 295)On eculizumab after enrollment (*n* = 23)Median age at enrollment, yr (range)32.5 (5.0--82.6)32.1 (5.0--82.6)32.5 (5.1--80.8)36.2 (11.4--68.6) Pediatric, *n* (%)128 (23.2)58 (24.9)67 (22.7)3 (13.0) Adult, *n* (%)423 (76.8)175 (75.1)228 (77.3)20 (87.0)Age at aHUS diagnosis, yr (range)28.7 (0.1--82.6)25.7 (0.2--82.6)[a](#tbl1fna){ref-type="table-fn"}29.7 (0.1--80.6)[b](#tbl1fnb){ref-type="table-fn"}32.9 (0.1--68.6)Gender Female, *n* (%)329 (59.7)138 (59.2)179 (60.7)12 (52.2) Male, *n* (%)222 (40.3)95 (40.8)116 (39.3)11 (47.8)Time from aHUS diagnosis to initiation of eculizumab, mo (range)0.72 (−1.2 to 357.6)N/A0.6 (1.2--357.6)[c](#tbl1fnc){ref-type="table-fn"}0.84 (0.0--266.4)Dialysis, *n* (%) Not on dialysis437 (79.3)178 (76.4)243 (82.4)16 (69.6) Acute (≤3 mo)11 (2.0)2 (0.9)8 (2.7)1 (4.3) Chronic (\>3 mo)89 (16.2)48 (20.6)35 (11.9)6 (26.1) Missing14 (2.5)5 (2.1)9 (3.1)0Had kidney transplant before or at baseline, *n* (%)157 (28.5)67 (28.8)85 (28.8)5 (21.7)Renal function[d](#tbl1fnd){ref-type="table-fn"} (eGFR, ml/min per 1.73 m^2^), *n* (%) ≥9057 (12.6)35 (19.1)[e](#tbl1fne){ref-type="table-fn"}21 (8.3)[f](#tbl1fnf){ref-type="table-fn"}1 (6.3)[g](#tbl1fng){ref-type="table-fn"} \<90 to ≥6057 (12.6)21 (11.5)35 (13.9)1 (6.3) \<60 to ≥3076 (16.9)24 (13.1)50 (19.8)2 (12.5) \<30 to ≥1526 (5.8)6 (3.3)15 (6.0)5 (31.3) \<1522 (4.9)6 (3.3)14 (5.6)2 (12.5) Missing213 (47.2)91 (49.7)117 (46.4)5 (31.3)Extrarenal manifestation related to aHUS within the past 6 mo, *n* (%) Cardiovascular174 (31.6)42 (18.0)124 (42.0)8 (34.8) Gastrointestinal206 (37.4)55 (23.6)141 (47.8)10 (43.5) Neurologic165 (29.9)44 (18.9)115 (39.0)6 (26.1) Pulmonary77 (14.0)18 (7.7)55 (18.6)4 (17.4)Hospitalization in the past 6 mo, *n* (%) Yes197 (35.8)66 (28.3)113 (38.3)18 (78.3)PE/PI in the past 6 mo, *n* (%) Yes123 (22.3)27 (11.6)86 (29.2)10 (43.5)Genetics, *n* (%) Tested for ≥5 pathogenic variants with no pathogenic variant identified153 (27.8)69 (29.6)75 (25.4)9 (39.1) Tested for \<5 pathogenic variants40 (7.3)21 (9.0)17 (5.8)2 (8.7) Any pathogenic variant found203 (36.8)73 (31.3)122 (41.4)8 (34.8) Anti-CFH‒antibody positive78 (14.2)29 (12.4)45 (15.3)4 (17.4) Anti-CFH‒antibody negative279 (50.6)118 (50.6)149 (50.5)12 (52.2) Any pathogenic variant found or anti-CFH‒antibody positive245 (44.5)92 (39.5)142 (48.1)11 (47.8)[^1][^2][^3][^4][^5][^6][^7][^8][^9]

Changes in Patient-Reported Outcomes {#sec2.2}
------------------------------------

The median duration of follow-up time was 29.1 months in patients never treated with eculizumab, 23.0 months in those already treated with eculizumab at the time of registry enrollment, and 17.5 months in patients who started eculizumab after registry enrollment. Among patients who were already treated with eculizumab at the time of registry enrollment, the median (range) duration of eculizumab treatment before enrollment was 5.85 (0.03--92.68) months.

### FACIT-Fatigue {#sec2.2.1}

The greatest increase in median FACIT-Fatigue score was observed in patients who started eculizumab after registry enrollment (change of +9.0 from baseline \[*P* = 0.0031\] vs. 0.0 \[*P* = 0.1880\] and +1.0 \[*P* = 0.0303\] in patients who never received eculizumab and those on eculizumab at the time of enrollment, respectively; [Figure 2](#fig2){ref-type="fig"}). The proportion of patients who reported clinically meaningful improvements in fatigue (i.e., increase of \>3 in FACIT-Fatigue score) was also greatest in patients who started eculizumab after registry enrollment (73.9% vs. 32.6% and 37.3% in never treated and those on eculizumab at the time of registry enrollment, respectively). Among those who started eculizumab after enrollment, all pediatric patients (*n* = 3, ≥5 to \<18 years) and 70% (*n* = 14) of adult patients reported a clinically meaningful improvement in fatigue, with median changes in FACIT-Fatigue scores of 12.3 and 8.0, respectively.Figure 2Median Functional Assessment of Chronic Illness Therapy-Fatigue (FACIT-Fatigue) score at baseline and follow-up, all groups.

### FACIT-Fatigue Scores by Subgroup (Dialysis Status, Kidney Transplant Status, and Recent Hospitalization) {#sec2.2.2}

Changes in FACIT-Fatigue scores by subgroup in the overall population are summarized in [Table 2](#tbl2){ref-type="table"}. Overall, median FACIT-Fatigue scores were numerically lower among patients on dialysis compared with those who were not on dialysis; within each of these subgroups, there was no substantial change in FACIT-Fatigue score from baseline to last follow-up. At last follow-up, the median FACIT-Fatigue score was similar in the overall population regardless of kidney transplant history. The median FACIT-Fatigue score in patients with a recent hospitalization was numerically lower than in those without a recent hospitalization. In each subgroup, at least 25% of patients reported a clinically meaningful increase in FACIT-Fatigue score between baseline and last follow-up.Table 2Subgroup analyses of FACIT-Fatigue scores in all patientsProportion with clinically meaningful change,[a](#tbl2fna){ref-type="table-fn"}*n* (%)Variable\
Median (range), unless otherwise statedBaseline[b](#tbl2fnb){ref-type="table-fn"}Last follow-up[c](#tbl2fnc){ref-type="table-fn"}Change (LFU ‒ BL)ImprovementNo changeWorseningOverall on dialysis (*n* = 67)35.0 (5.0--51.0)36.0 (1.0--51.0)0.0 (−33.0 to 36.0)29 (43.3)18 (26.9)20 (29.9)Overall not on dialysis (*n* = 423)42.0 (0.0--52.0)44.0 (3.0--52.0)0.0 (−38.6 to 47.0)146 (34.5)167 (39.5)110 (26.0)Overall kidney transplant (*n* = 157)44.0 (5.0--52.0)42.0 (3.0--52.0)−1.0 (−38.6 to 36.0)42 (26.8)66 (42.0)49 (31.2)Overall no kidney transplant (*n* = 362)39.0 (0.0--52.0)43.0 (1.0--52.0)1.25 (−31.0 to 47.0)148 (40.9)127 (35.1)87 (24.0)Overall with recent hospitalization (*n* = 197)33.0 (0.0--52.0)39.0 (1.0--52.0)3.0 (−38.6 to 47.0)93 (47.2)59 (29.9)45 (22.8)Overall without recent hospitalization (*n* = 354)44.0 (0.0--52.0)44.2 (3.0--52.0)0.0 (−31.0 to 47.0)112 (31.6)143 (40.4)99 (28.0)[^10][^11][^12][^13]

Among patients who initiated treatment with eculizumab following registry enrollment, subgroup analyses showed improvements in median FACIT-Fatigue score regardless of dialysis, kidney transplant, or recent hospitalization status ([Table 3](#tbl3){ref-type="table"}). Median (range) increase in the score ranged from 6.0 (−2.0 to 12.3) to 11.5 (−28.0 to 47.0) across the subgroups analyzed. The proportion of patients with a clinically meaningful improvement in FACIT-Fatigue score was \>65% regardless of subgroup, and was highest in the subgroups of patients without dialysis, with a kidney transplant, and without a recent hospitalization ([Table 3](#tbl3){ref-type="table"}).Table 3Subgroup analyses of FACIT-Fatigue scores in patients starting on eculizumab after enrollmentProportion with clinically meaningful change,[a](#tbl3fna){ref-type="table-fn"}*n* (%)Variable\
Median (range), unless otherwise statedBL[b](#tbl3fnb){ref-type="table-fn"}LFU[c](#tbl3fnc){ref-type="table-fn"}Change (LFU ‒ BL)ImprovementNo changeWorseningOverall (*n* = 23)29.0 (0.0--49.0)41.0 (4.0--52.0)9.0 (−28.0 to 47.0)17 (73.9)2 (8.7)4 (17.4)Dialysis (*n* = 3)30.0 (6.0--30.0)36.0 (4.0--42.3)6.0 (−2.0 to 12.3)2 (66.7)1 (33.3)0No dialysis (*n* = 14)32.5 (0.0--49.0)44.5 (8.0--51.0)10.0 (−28.0 to 47.0)10 (71.4)3 (21.4)1 (7.1)Kidney transplant (*n* = 5)31.0 (5.0--47.0)40.0 (21.0--51.0)9.0 (0.0 to 16.0)4 (80.0)1 (20.0)0No kidney transplant (*n* = 16)28.5 (0.0--49.0)40.1 (4.0--51.0)11.5 (−28.0 to 47.0)11 (68.8)3 (18.8)2 (12.5)With recent hospitalization (*n* = 18)29.5 (0.0--49.0)39.6 (4.0--52.0)10.5 (−28.0 to 40.0)13 (72.2)4 (22.2)1 (5.6)Without recent hospitalization (*n* = 5)25.0 (0.0--35.0)40.0 (8.0--47.0)11 (−13.0 to 47.0)4 (80.0)01 (20.0)[^14][^15][^16][^17]

### General Health {#sec2.2.3}

Overall, 69.1% of all patients with aHUS reported excellent (10.0%), very good (23.7%), or good (35.4%) health status at baseline; 30.9% of patients reported fair (23.9%) or poor (7.0%) health status. Findings at last follow-up were similar, with 76.5% reporting excellent (11.2%), very good (28.2%), or good (37.2%) health status, and 23.5% reporting fair (19.2%) or poor (4.3%) health status. The proportion of patients with improved general health at last follow-up compared with baseline was greatest in the cohort of patients who started eculizumab after enrollment ([Figure 3](#fig3){ref-type="fig"}).Figure 3General health status, all groups. Shifts in general health calculated by comparing last follow-up to baseline in each group.

### Patient Symptoms {#sec2.2.4}

In the overall population, fatigue, headache, and weakness were the most commonly reported symptoms at baseline, reported by 61.4% (*n* = 314), 54.4% (*n* = 278), and 46.4% (*n* = 237) of patients, respectively; these remained the top 3 symptoms at last follow-up, reported by 64.4% (*n* = 329), 55.0% (*n* = 281), and 42.3% (*n* = 216) of patients, respectively. [Table 4](#tbl4){ref-type="table"} reports patient symptoms at baseline and last follow-up by treatment group. Consistent with FACIT-Fatigue score results, the greatest reduction in proportion of patients reporting fatigue as a symptom (65%, *n* = 13, down from 95%, *n* = 19, at baseline) was observed in the cohort that started eculizumab after enrollment.Table 4Patient-reported symptoms at baseline and last follow-up by patient groupCharacteristicAll patients (*N* = 511)Never on eculizumab (*n* = 212)Eculizumab on enrollment (*n* = 279)On eculizumab after enrollment (*n* = 20)BLLFU*P* valueBLLFU*P* valueBLLFU*P* valueBLLFU*P* valuePatient symptoms, *n* (%) Abdominal pain127 (24.9)110 (21.5)0.207757 (26.9)50 (23.6)0.433863 (22.6)52 (18.6)0.24967 (35.0)8 (40.0)0.7440 Anxiety167 (32.7)163 (31.9)0.789069 (32.5)62 (29.2)0.461987 (31.2)92 (33.0)0.650211 (55.0)9 (45.0)0.5271 Chest pain81 (15.9)66 (12.9)0.181225 (11.8)28 (13.2)0.659650 (17.9)33 (11.8)0.04316 (30.0)5 (25.0)0.7233 Confusion67 (13.1)65 (12.7)0.852020 (9.4)22 (10.4)0.745142 (15.1)36 (12.9)0.46395 (25.0)7 (35.0)0.4902 Diarrhea147 (28.8)117 (22.9)0.032051 (24.1)45 (21.2)0.486386 (30.8)66 (23.7)0.057210 (50.0)6 (30.0)0.1967 Easy bruising/abdominal bleeding128 (25.0)108 (21.1)0.137749 (23.1)46 (21.7)0.726872 (25.8)57 (20.4)0.13207 (35.0)5 (25.0)0.4902 Fatigue314 (61.4)329 (64.4)0.3314118 (55.7)131 (61.8)0.1997177 (63.4)185 (66.3)0.478019 (95.0)13 (65.0)0.0177 Headache278 (54.4)281 (55.0)0.8505110 (51.9)113 (53.5)0.7705154 (55.2)155 (55.6)0.932114 (70.0)13 (65.0)0.7357 Irritability173 (33.9)163 (31.9)0.505569 (32.5)61 (28.8)0.399491 (32.6)95 (34.1)0.719413 (65.0)7 (35.0)0.0578 Nausea/vomiting158 (30.9)109 (21.3)0.000563 (29.7)44 (20.8)0.033683 (29.7)58 (20.8)0.014912 (60.0)7 (35.0)0.1134 Shortness of breath174 (34.1)136 (26.6)0.009762 (29.2)47 (22.2)0.0955101 (36.2)81 (29.0)0.070911 (55.0)8 (40.0)0.3422 Swelling138 (27.0)94 (18.4)0.001046 (21.7)35 (16.5)0.174281 (29.0)54 (19.4)0.007611 (55.0)5 (25.0)0.0528 Weakness237 (46.4)216 (42.3)0.186192 (43.4)83 (39.2)0.3747131 (47.0)124 (44.4)0.551914 (70.0)9 (45.0)0.1098 Jaundice56 (11.0)18 (3.5)\<0.000121 (9.9)11 (5.2)0.066029 (10.4)7 (2.5)0.00026 (30.0)0 (0)0.0079 Other59 (11.5)39 (7.6)0.033623 (10.8)12 (5.7)0.052234 (12.2)25 (9.0)0.21532 (10.0)2 (10.0)1.0000[^18]

In patients who started eculizumab after enrollment, the proportion reporting the following symptoms decreased by at least 10% at last follow-up compared with baseline: anxiety, diarrhea, easy bruising/abdominal bleeding, fatigue, irritability, nausea/vomiting, shortness of breath, swelling, weakness, and jaundice. The proportion of patients in this group reporting confusion as a symptom increased by 10%.

FACIT-Fatigue scores were also analyzed in the presence or absence of patient symptoms. Overall, patients who reported at least 1 clinical symptom (*n* = 450) had a lower baseline median (range) FACIT-Fatigue score than those who did not report symptoms (*n* = 55) (39 \[0.0--52.0\] vs. 50 \[28.0--52.0\]). Similar findings were observed at last follow-up (data not shown).

### Resource Utilization {#sec2.2.5}

Health care resource utilization and work days missed are summarized in [Table 5](#tbl5){ref-type="table"}. The rate of emergency room visits and hospital admissions were similar across all groups, whereas patients who started eculizumab after enrollment reported more HCP visits and missed days of work. Overall, patients with aHUS reported a median of 0.38 HCP visits per year, 0.13 emergency room visits per year, 0.17 hospital admissions per year, and 1.58 work days missed per year.Table 5Annual resource utilization rates, all groups (HCP visits, emergency room visits, hospital admissions, and work days missed)AllNever on eculizumabOn eculizumab at enrollmentStarted eculizumab after enrollmentHCP visits* n*2087312114 Median (range)0.38 (0.0--10.67)0.33 (0.05--10.67)0.40 (0.05--5.33)0.88 (0.0--8.40)Emergency room visits* n*114396411 Median (range)0.13 (0.0--0.88)0.10 (0.05--0.75)0.13 (0.05--0.58)0.13 (0.0--0.88)Hospital admissions* n*139477715 Median (range)0.17 (0.0--3.00)0.14 (0.05--1.00)0.17 (0.05--3.00)0.17 (0.0--0.67)Work days missed* n*8430513 Median (range)1.58 (0.06--45.50)1.25 (0.08--9.00)1.83 (0.06--43.50)6.90 (0.56--45.50)[^19][^20]

### Work Status {#sec2.2.6}

Of all patients (*N* = 511), at baseline 21.1% (*n* = 108) reported holding a full-time job and 11% (*n* = 56) worked part-time. In addition, 5.9% (*n* = 30) and 4.5% (*n* = 23) were not working or not working full-time, respectively, due to aHUS; 6.1% (*n* = 31) were not working for pay for reasons unrelated to aHUS. A category of "other" was selected by 23.5% (*n* = 120; composed primarily of homemakers, self-employed, and individuals on disability), whereas 22.9% (*n* = 117) were students, and 5.1% (*n* = 26) were retired. There were no notable differences in work status across the 3 patient groups (data not shown).

Discussion {#sec3}
==========

This analysis of data from the Global aHUS Registry represents the first evaluation of fatigue and other patient-reported outcomes directly from patients enrolled in the registry, including general health status, health care resource utilization, work status, and symptoms, and provides important insights into the burden of aHUS. Previous descriptions of health-related quality of life in patients with aHUS have focused on the effect of eculizumab on health-related quality of life,[@bib21] whereas this analysis provides insights into the overall burden and quality of life in patients with aHUS, regardless of treatment.

In the current analysis, there were few differences in any patient-reported outcomes within the groups of patients who were never on eculizumab and those who were already treated with eculizumab at the time of enrollment in the registry. In addition, within those groups, changes from baseline to last follow-up were minimal. Both groups reported baseline median FACIT-Fatigue scores of 41, which is close to the mean score reported in the general population (43.6),[@bib22] and thus it is not surprising that the median increases from baseline to last follow-up among these patients were small (0.0 and 1.0, respectively). This may suggest that these groups had less severe disease than those who needed to initiate eculizumab treatment. The cohorts who were never on eculizumab and those who were already treated with eculizumab at the time of enrollment had less frequent dialysis, plasma exchange/plasma infusion, and hospitalization than the cohort that started eculizumab, which is important, as these symptoms have been shown to worsen fatigue in previous, cross-sectional analyses[@bib10]^,^[@bib11] and thus they likely represent a stable disease course. Furthermore, an analysis of subgroups based on dialysis, kidney transplant, and recent hospitalization status revealed small or no changes in median FACIT-Fatigue score over time regardless of subgroup, and at least 25% of patients across all subgroups reported a clinically meaningful increase in FACIT-Fatigue score.

Differences in patient-reported outcomes between the group on eculizumab at enrollment and those who started eculizumab after registry enrollment are likely attributable to the effects of treatment plateau versus treatment initiation. For example, approximately 40% of patients on eculizumab at enrollment reported a clinically meaningful improvement in fatigue at last follow-up, with a median change of +1 in FACIT-Fatigue score, compared with approximately 75% of patients who started eculizumab after registry enrollment who reported a clinically meaningful change and a median change of +9 points in FACIT-Fatigue score. These findings suggest that the improvements experienced by patients on initiation of eculizumab are sustained over time with continuous treatment.

Given that fatigue is associated with impaired productivity, depression, and decreased quality of life, and strongly associated with functional decline,[@bib23], [@bib24], [@bib25] the benefits of eculizumab on fatigue are likely to be valued by patients. The change in FACIT-Fatigue scores in patients treated with eculizumab in this current analysis is similar to what has previously been reported in an eculizumab clinical trial in adult patients with aHUS.[@bib14] We believe findings from our study are likely more reflective of everyday practice and provide valuable insights for clinicians and patients. The differences in baseline FACIT-Fatigue scores between the groups never treated with eculizumab and those who started eculizumab after registry enrollment also suggest that patients in the registry who never received eculizumab may have a different disease phenotype than those who received eculizumab. This might be expected in a real-world setting and could be indicative of confounding by disease severity.

We also assessed patient-reported general health status, and believe this is the first report of this outcome in patients with aHUS. More than 75% of patients with aHUS reported good, very good, or excellent health status at last follow-up. Among patients who initiated treatment with eculizumab after registry enrollment, most (55%) reported an improvement in general health status from baseline to last follow-up. In addition, this group had the lowest proportion of patients with worsened general health status (10%).

We also believe this is the first analysis to evaluate patient-reported symptoms in patients with aHUS. The top 3 patient-reported symptoms were fatigue, headache, and weakness. Overall, fatigue was the most commonly reported symptom at baseline and at last follow-up. Among patients treated with eculizumab at the time of registry enrollment, the proportion of patients reporting fatigue as a symptom was relatively unchanged; in contrast, among those who initiated eculizumab after registry enrollment, the proportion decreased from 95% to 65%. Taken together, these findings further support the real-world benefits of complement inhibitors such as eculizumab in patients with aHUS. In addition, they emphasize the importance and relevance of patient-reported outcomes, which provide information from the patient perspective and, when used in conjunction with clinical assessments performed by physicians, reflect the full spectrum of disease as well as the overall effectiveness of treatment. A greater understanding of the burden of aHUS on patients could contribute to the body of evidence on the benefit of treating these patients.

Health care resource utilization and work status were similar among all 3 patient groups, with the exception of the number of HCP visits and number of work days missed, which were higher among patients who initiated eculizumab treatment after registry enrollment. The increase in number of HCP visits and number of work days missed in this group was not surprising and is likely secondary to the clinical manifestations (e.g., thrombotic microangiopathy) that led clinicians to initiate eculizumab and the need for more monitoring in a patient beginning a new therapy. This is anticipated to decrease over time and likely to become similar to resource utilization rates in patients who were on eculizumab at registry enrollment, although this should be confirmed in future analyses of data from this registry.

Limitations of these findings include the use of a patient-reported outcomes instrument that is not disease specific and the inherent limitations of using patient-reported outcomes from a global registry (i.e., missing data and underreporting or overreporting of outcomes). Inherent challenges associated with patient questionnaires, such as information bias, can lead to inaccurate outcome estimates.[@bib26] Self-reporting bias and recall bias have also been widely reported to impact the results of patient questionnaires, and present a challenge in data analysis when working with real-world outcomes from a patient registry, especially for those with a 6-month recall period.[@bib26] The generalizability of our results is also limited due to the small sample size of some of the cohorts studied, but longer follow-up, which should also increase sample sizes, should provide further validation of our results. Last, patients who were not treated with eculizumab were unable to report information on change in outcomes after treatment, and may thus have underestimated their overall level of fatigue.

The median follow-up in the 3 groups in this study ranged from 17.5 to 29.1 months. The Global aHUS Registry continues to collect patient-reported outcomes, and this should enable future reporting of longer follow-up data that may provide new insights into the burden of aHUS and how it interferes with patients' activities of daily living, working, and health care resource utilization. Moreover, future analyses will provide an opportunity to describe changes in patient-reported outcomes for patients who switch from every-2-week dosing with eculizumab to every-8-week dosing with ravulizumab.

Conclusion {#sec4}
==========

In summary, this analysis of patient-reported outcomes from the Global aHUS Registry provides new insight into the patient burden associated with aHUS. Patients who were not on eculizumab at the time of baseline measurements, but started after enrollment, showed clinically meaningful improvement in fatigue, general health, and other patient-reported outcomes, whereas changes in these outcomes were minimal over time in patients who never received eculizumab and those who were already on eculizumab at registry enrollment. Results of this registry analysis describe the burden of aHUS and support the use of C5 inhibition by treatments such as eculizumab to improve patient-reported outcomes in patients with aHUS.
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**Figure S1.** Plain language summary: functional assessment of fatigue and other patient-reported outcomes in patients enrolled in the Global aHUS Registry.

[^1]: aHUS, atypical hemolytic uremic syndrome; anti-CFH, anti-complement factor H; eGFR, estimated glomerular filtration rate; N/A, not applicable; PE, plasma exchange; PI, plasma infusion.

[^2]: Baseline is defined as the date of enrollment for never on eculizumab and eculizumab on enrollment groups, and the closest date before eculizumab start for the third group (on eculizumab after enrollment).

[^3]: *n* = 226.

[^4]: *n* = 293.

[^5]: *n* = 288.

[^6]: Patients on dialysis at baseline excluded.

[^7]: *n* = 183.

[^8]: *n* = 252.

[^9]: *n* = 16.

[^10]: BL, baseline; FACIT-Fatigue, Functional Assessment of Chronic Illness Therapy-Fatigue; LFU, last follow-up.

[^11]: Clinically meaningful improvement is defined as an increase in FACIT-Fatigue score of more than 3 units from the baseline, worsening is a decrease of more than 3 units from baseline, and no change is any change in FACIT-Fatigue score from baseline of −3, −2, −1, 0, 1, 2, or 3.

[^12]: Baseline is defined as the date of enrollment for never on eculizumab and eculizumab on enrollment groups; and the closest date before eculizumab start for the group that started eculizumab after enrollment.

[^13]: If the patient discontinued eculizumab, LFU was the last evaluation point while on eculizumab.

[^14]: BL, baseline; FACIT-Fatigue, Functional Assessment of Chronic Illness Therapy-Fatigue; LFU, last follow-up.

[^15]: Clinically meaningful improvement is defined as an increase in FACIT-Fatigue score of more than 3 units from the baseline; worsening is a decrease of more than 3 units from baseline; and no change is any change in FACIT-Fatigue score from baseline of −3, −2, −1, 0, 1, 2, or 3. Missing data: dialysis/no dialysis, *n* = 6; kidney transplant/no kidney transplant, *n* = 2.

[^16]: Baseline defined as the before eculizumab score closest to start of treatment.

[^17]: Last score while on eculizumab.

[^18]: BL, baseline; LFU, last follow-up.

[^19]: HCP, health care provider.

[^20]: Rate calculated as the total number of events between baseline and last follow-up divided by the time of exposure during this period (i.e., number of completed forms multiplied by 0.5 years).
